To determine the frequency, causes, predictors, and consequences of 30-day readmission after abdominal aortic aneurysm (AAA) repair. Background Data: Centers for Medicare & Medicaid Services (CMS) will soon reduce total Medicare reimbursements for hospitals with higher-thanpredicted 30-day readmission rates after vascular surgical procedures, including AAA repair. However, causes and factors leading to readmission in this population have never before been systematically analyzed. Methods: We analyzed elective AAA repairs over a 2-year period from the CMS Chronic Conditions Warehouse, a 5% national sample of Medicare beneficiaries. Results: A total of 2481 patients underwent AAA repair-1502 endovascular aneurysm repair (EVAR) and 979 open aneurysm repair. Thirty-day readmission rates were equivalent for EVAR (13.3%) and open repair (12.8%). Although wound complication was the most common reason for readmission after both procedures, the relative frequency of other causes differed-eg, bowel obstruction was common after open repair, and graft complication after EVAR. In multivariate analyses, preoperative comorbidities had a modest effect on readmission; however, postoperative factors, including serious complications leading to prolonged length of stay and discharge destination other than home, had a profound influence on the probability of readmission. The 1-year mortality in readmitted patients was 23.4% versus 4.5% in those not readmitted (P < 0.001). Conclusions: Early readmission is common after AAA repair. Adjusting for comorbidities, postoperative events predict readmission, suggesting that From the proactively preventing, detecting, and managing postoperative complications may provide an approach to decreasing readmissions, with the potential to reduce cost and possibly enhance long-term survival.
H ospital readmissions are common and costly, and have emerged as a major target in healthcare reform as part of the 2010 Patient Protection and Affordable Care Act. Almost 1 in 5 hospitalized Medicare beneficiaries are readmitted within 30 days of discharge at a cost of over $17.4 billion per year. 1 In the Medicare population, the readmission rate after vascular surgical procedures is nearly 24%, significantly higher than the average of 15.6% for all surgical interventions. 1 The Medicare Payment Advisory Commission (Med-PAC) identified vascular procedures as 1 of 7 categories that account for more than 30% of potentially preventable readmissions. Moreover, vascular readmissions were the most costly on a per-patient basis. 2 Currently, the Centers for Medicare & Medicaid Services (CMS) tracks hospital risk-adjusted 30-day readmission rates for several medical conditions, and this information is available to the public on the Hospital Compare Web site (http://www.hospitalcompare.hhs. gov). Beginning in 2012-2013, CMS will reduce total Medicare reimbursements to hospitals with higher-than-predicted readmission rates for these tracked diagnoses, and vascular procedures will soon be added to the targeted list. Hospitals that fail to control vascular readmissions will suffer substantial financial penalties, with potentially dire consequences for hospital-based vascular surgery programs and surgeons.
To date, the majority of research on readmissions has been performed in patients with medical conditions. Early readmission after vascular surgical procedures has not been systematically studied and no vascular surgery-specific readmission reduction interventions have been implemented. In this study, we describe the frequency, causes, predictors, and consequences of 30-day readmission after abdominal aortic aneurysm (AAA) repair in the Medicare population. Our goal is to provide data to inform the policy debate and, ultimately, to inform the development of a targeted intervention to decrease early readmissions and improve vascular surgical patient outcomes.
by the International Classification of Diseases, 9th Clinical Modification (ICD-9-CM). Data were extracted for all patients who underwent surgical treatment of nonruptured AAA (diagnosis codes 441.4 and 441.9). Procedure codes (38.34, 38.44, 38.64, 39.52, 39 .71, and 39.78) were used to define endovascular aneurysm repair (EVAR) and open repair. We required complete enrollment in Medicare Part A and Part B for 365 continuous days before AAA repair to allow characterization of comorbidities, and at least 31 days after discharge for measurement of readmission and other outcomes. Ruptured aneurysms (441.3) were excluded, as were AAA diagnoses without an associated treatment code. We excluded individuals younger than age 65 at the date of procedure and those with potentially incomplete data due to Medicare Health Maintenance Organization (HMO) enrollment or railroad benefits.
Preoperative Variables
Patient sociodemographics included age, gender, race, reason for Medicare entitlement, and Medicaid eligibility during the study period. Patient residence was determined using the Rural-Urban Commuting Area (RUCA) codes 3 and categorized as being in urban, suburban, large town, small town, or rural areas. Comorbidity was quantified with the Charlson comorbidity index, 4 and individual conditions were defined using the Elixhauser method. 5 Treatment variables included EVAR versus open repair procedure type and annual hospital AAA repair volume. Hospital procedure volume for Medicare beneficiaries was estimated by averaging the annual number of procedures from 2004 to 2006 and multiplying by 20 to correct for the 5% sample, and was categorized into low volume (<50 cases per year) or high volume (≥50 cases per year). 6 
Postoperative Variables
We analyzed 3 main postoperative variables: complications, length of stay (LOS), and discharge destination. We created a list of relevant postoperative complications after a review of the literature on early outcomes after open repair and EVAR, and we defined each complication with the ICD-9-CM diagnosis and procedure codes and the Current Procedural Terminology (CPT) procedure codes cited in these previous studies. [7] [8] [9] [10] To decrease the likelihood of erroneously capturing preoperative comorbidities with our postoperative complication variables, we only included ICD-9-CM diagnosis codes with the "99X" prefix, explicitly corresponding to complications, or with the adjectives "acute" or "initial" in the formal description of the diagnosis-an approach that has been used by other investigators in the field. 8 For example, we considered ICD-9-CM diagnosis code 428.31 (acute diastolic heart failure), a postoperative complication, but excluded 428.32 (chronic diastolic heart failure). The codes used to define each complication are listed in Supplemental Table 1 (Supplemental Digital Content 1, available at: http://links.lww.com/SLA/ A286). We also used an alternate definition of postoperative complications whereby we included only those complications that resulted in reoperation or other reintervention during the index hospital stay, as we have described previously. 6 , 11 We analyzed the distribution of index LOS and defined prolonged LOS as exceeding the 75th percentile. Thus, prolonged LOS was defined as more than 7 days for all patients, more than 4 days for the EVAR group, and more than 11 days for the open repair group. Discharge destination was recoded from the CMS discharge status variable and grouped into the following categories: discharged to home, discharged to home with nursing care, discharged to skilled nursing facility (SNF), and discharged to other facility (eg, rehabilitation hospital).
The primary outcome variable was 30-day readmission, which we defined as readmission to an acute-care short-stay hospital within 30 days of discharge after AAA repair. Direct transfers from one shortstay hospital to another were not considered readmissions. Readmissions to special facilities such as psychiatric and rehabilitation hospitals were also not included in this outcome measure, which we and others have used previously. 1, 11 For each readmission, we determined whether the readmission was to the index hospital (where the AAA repair was performed) or to a different facility. Readmission primary diagnosis codes were grouped using the Agency for Healthcare Research and Quality (AHRQ) Clinical Classifications Software (CCS). [11] [12] [13] For each readmitted patient, we determined the rehospitalization LOS and whether or not a vascular reintervention was performed. Patients who died during the initial surgical hospital stay were excluded from the denominator in readmission and mortality calculations.
Statistical Analysis
We determined the overall frequency of 30-day readmission after AAA repair. We compared the frequency of patient-related and treatment-related variables in patients who were and were not readmitted using χ 2 tests. A pairwise correlation matrix was created to quantify the degree of correlation among the variables. We used logistic regression to determine adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of 30-day hospital readmission for different predictors, controlling for potential confounders. To account for clustering, robust estimates of the variance were used in the models. We used logistic regression analysis, Kaplan-Meier survival curves, and log-rank tests to measure the association between 30-day readmission and 1-year mortality. Analyses were performed using SAS 9.2 software (SAS Institute, Cary, NC) and Stata 11 software (Stata-Corp, College Station, TX). All tests of significance were at the P < 0.05 level, and P-values were 2-tailed.
RESULTS

Patient Characteristics
A total of 2541 patients underwent elective AAA repair-1516 EVAR and 1025 open. Patients who died during the index hospital stay-12 (0.8%) after EVAR and 45 (4.4%) after openwere excluded from the analysis of 30-day readmission. After this and other exclusion criteria were applied, 2481 patients were included in the study for further analysis. Characteristics of the patients who underwent EVAR (n = 1502) and open repair (n = 979) are shown in Table 1 . Compared with the open group, patients who had EVAR were older (76.6 ± 6.0 vs. 75.5 ± 5.6, P < 0.001), more likely to be male (79.1% vs. 71.4%, P < 0.001), and they had more comorbid illness as measured by the Charlson comorbidity index (2.9 ± 1.6 vs. 2.6 ± 1.4, P < 0.001). The LOS was significantly shorter after EVAR (3.4 ± 4.2 vs. 9.4 ± 7.4 days, P < 0.001).
Frequency of Readmission After AAA Repair
The 30-day readmission rates after EVAR and open repair were 13.3% and 12.8%, respectively, and the difference was not statistically significant (P = 0.693). Of the 325 readmitted patients, 64.3% returned to the index hospital, and 35.7% were readmitted to a different hospital. Twenty-one of the 325 readmitted patients died during the readmission inpatient stay, yielding a rehospitalization mortality rate of 6.5%, which was much higher than the in-hospital mortality rate of 2.2% for the index hospital stay. 
Univariate Analysis of Potential Risk Factors for Readmission
We then analyzed variables that were potential risk factors for readmission. The results of our univariate analysis are displayed in Table 3 . Of patient sociodemographics, older age and female gender were associated with readmission, whereas race, reason for Medicare entitlement, Medicaid enrollment (a surrogate for poverty), and rural-versus-urban residence were not. The burden of preoperative comorbid illness, as measured by the Charlson comorbidity index, was associated with readmission. However, of the 29 individual comorbid conditions in the Elixhauser classification that we analyzed, only 8 were associated with a significantly higher readmission rate. The comorbid condition associated with the most striking readmission rate was preoperative paralysis, with 25% of patients with this condition readmitted, compared with 12.9% for those without paralysis (P < 0.018). No other comorbid condition was associated with a readmission rate exceeding 20%. We also examined hospital annual AAA procedure volume, but this statistic was not associated with readmission.
Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. In contrast to comorbidities, postoperative factors had a much stronger association with 30-day readmission. Patients who had any in-hospital postoperative complication had a readmission rate of 17.4% versus 11.3% for those who did not have a complication. We examined 9 categories of complications, and 5 were significantly associated with readmission. Moreover, the magnitudes of the readmission rates for these complications were quite high. Patients diagnosed with a wound complication had a readmission rate of 35.5%, compared with 12.8% in those who did not (P < 0.001). Four other types of complications also had readmission frequencies above 20%: renal/urologic (26.0%; P = 0.001), reoperation during the index hospital stay for bowel obstruction and other nonvascular problems (25.0%; P = 0.113), cardiac complications (20.5%; P = 0.015), and vascular/graft-related complications (20.1%; P = 0.006). The 30-day readmission rate for patients who suffered any complication that resulted in reintervention during the index hospital stay was 21.6%.
Another factor that significantly predicted readmission was prolonged LOS, which we defined as greater than 7 days (the 75th percentile) for the overall cohort. Patients with a prolonged initial LOS were subsequently readmitted at a rate of 19.1%, compared with 11.2% for those with shorter LOS (P < 0.001). The linear relationship between LOS and readmission frequency is displayed in Figure 1 . Finally, we examined the association of discharge destination on readmission. Patients discharged home with no nursing care had a readmission rate of only 9.9%. Those who required home nursing care had a readmission rate of 16.8%. Patients discharged to an SNF had a high rate of readmission, 27.4%. The mean rehospitalization LOS for patients readmitted from SNF was 7.7 days, and their rehospitalization in-hospital mortality was 9.8%.
In summary, the univariate analysis revealed that both preand postoperative factors were associated with 30-day readmission. However, the association between postoperative factors and readmission was stronger. We performed similar but separate analyses in the EVAR and open repair groups and the results were similar to the overall cohort (Supplemental Tables 2 and 3 
Multivariate Analysis of Predictors of Readmission
We next performed a multivariate analysis of 30-day readmission. Variables that were significantly associated with readmission in the univariate analysis were included in a model, and logistic regression analysis was performed to calculate adjusted odds ratios for readmission. Covariates included age, gender, 8 comorbid conditions (paralysis, neurologic disease, anemia, CHF, chronic renal failure, malignancy, chronic pulmonary disease, and fluid/electrolyte disorder), 5 postoperative complications (wound complication, renal/urologic, vascular/graft-related, cardiac, and respiratory), prolonged LOS, and discharge destination. The results of the multivariate analysis are shown in Table 4 . Compared with patients ages 65-70, older patients had higher odds of readmission. Gender was not significant after adjusting for all the other variables in the model. Of the 8 comorbid conditions, 3 were significantly associated with readmission, albeit with modest odds ratios: anemia (OR 1.39), CHF (OR 1.40), and history of cancer (OR 1.40). The remaining 5 comorbid conditions were not associated with readmission in multivariate analysis.
Of the 5 postoperative complications in the multivariable model, 2 predicted 30-day readmission-wound complication (OR 2.50; 95% CI: 1.08-5.79) and renal/urologic (OR 1.75; 95% CI: 1.01-3.06). The remaining 3 complications were not significantly associated with readmission. After adjusting for potential confounders, prolonged LOS was also not significant. However, discharge to destination other than home remained a strong predictor of readmission, with patients discharged to a nursing home having an OR of 2.50 (95% CI: 1.68-3.71).
We suspected a high degree of multicollinearity between the 3 postoperative variables in the model-complications, LOS, and discharge destination, and this was confirmed by calculation of correlation coefficients. For example, prolonged LOS was correlated with all the complications and discharge destination at the P < 0.0001 level, and the correlation coefficient between prolonged LOS and †Exact cell size suppressed as per data use agreement to protect patient confidentiality as n < 11. respiratory complication was 0.4. We therefore performed multivariate analysis using a second model that included all the preoperative variables in Table 4 as well as the complications, but excluded prolonged LOS and discharge destination. The results are presented in Supplemental Table 4 (Supplemental Digital Content 4, available at: http://links.lww.com/SLA/A286). In this model, older age and 3 complications-wound complication, renal/urologic, and vascular/graft-are stronger predictors of 30-day readmission compared with preoperative comorbid conditions. In terms of OR magnitude, postoperative wound complication is the strongest predictor (OR 3.21; 95% CI: 1.35-7.66).
In summary, the multivariate analysis confirmed the findings of our univariate analysis, demonstrating that postoperative events rather than preoperative factors are the most important determinants of readmission.
Association Between Early Readmission and 1-Year Mortality
After determining the rates, causes, and risk factors of readmission after EVAR and open repair, we next examined the association between early readmission and 1-year mortality. The unadjusted 1year mortality rate in readmitted patients was 23.4%, compared with 4.5% in those who were not readmitted (P < 0.001). The Kaplan-Meier survival analysis confirmed a highly significant difference in survival based on 30-day readmission status (Fig. 2) . In a multivari- readmission using national-level data. Our goal in this study was to address this gap by describing the frequency, causes, risk factors, and consequences of readmission after EVAR and open repair. In our analysis of national Medicare data, we found that readmission after AAA repair is common, with more than 1 in 8 individuals readmitted within 30 days of discharge after nonruptured aneurysm surgery. Few previous studies have focused on 30-day readmissions after AAA repair. However, several investigators have included readmission in composite outcomes of aneurysm repair involving reoperation or mortality, 14 or studied readmission over longer time intervals, such as 6 to 12 months. [14] [15] [16] [17] In 1 previous study, Vogel and colleagues analyzed a Washington State hospital administrative discharge database and found 30-day readmission rates of 11.6% for EVAR and 13.1% for open repair. 18 These readmission rates were similar to our findings of 13.3% and 12.8%, respectively, in the study on national Medicare beneficiaries. In contrast, Jackson et al reported much lower rates of 30-day readmission after AAA repair (4.9% for EVAR and 10.5% for open repair) in a single-institution retrospective study. 19 This retrospective study design at a single institution may have resulted in underdetection of readmission, as a significant proportion of readmissions are to hospitals other than the site where the primary procedure was performed. In our analysis of national Medi-care data on aneurysm repair, 36% of readmissions were to a hospital other than the index hospital. This frequency of readmission to a different hospital is much higher than the rate of 22% in the general Medicare population. 20 Nasir and colleagues also analyzed Medicare data and concluded that measuring same-hospital readmission is a poor proxy for true readmission rates. 21 Studies or programs that rely on single-institution administrative data are therefore likely to miss a significant proportion of readmissions.
In addition to determining the rate of readmission after EVAR and open repair, we also wished to describe the diagnoses that led to readmission. Jencks and colleagues have shown that patients who are hospitalized for a medical condition and then readmitted are most often rehospitalized for the same primary diagnosis-eg, patients with CHF are readmitted for CHF, and patients with pneumonia are readmitted for pneumonia. 1 In our analysis, we found that most readmissions after AAA repair are due to complications of the procedure. The most common reason for readmission after both EVAR and open repair was a wound complication. The relative frequencies of other readmission diagnoses differed between EVAR and open repair. For example, bowel obstruction was common after open repair, whereas graft complications were more frequent after EVAR. Understanding the most common reasons for readmission after AAA repair is critical for the development of interventions that will decrease readmissions.
After describing the most-frequent readmission diagnoses, we sought to discover patient-and treatment-related factors that are associated with readmission. Any attempt to design an intervention to prevent readmission will be aided by defining the subgroup of patients who are at highest risk. We were surprised to discover that preoperative comorbidities were only weakly associated with early readmission after aneurysm repair. In our univariate analysis, we identified 8 preoperative comorbidities that predicted readmission; however, most increased the rate of readmission modestly (3%-8%), with the exception of paralysis. The readmission rate with paralysis was 25% versus 13% without paralysis, suggesting a strong association (although the total number of patients with this condition was small). The disability produced by paralysis might impede recovery or predispose the patient to complications such as deep venous thrombosis or pneumonia. We were not able to confirm the association between diabetes and increased readmission risk that has been reported in previous studies. 15, 19 In contrast to comorbid illnesses, older patient age was strongly associated with readmission. The rate of readmission was as low as 11% in patients younger than 75, and approximately 17% in those older than 85. Other investigators have also reported that older patients have higher risk of readmission. 16 We examined 9 categories of postoperative complications that were recognized and coded during the index hospital stay. Patients that had any 1 of these 9 in-hospital complications had an associated readmission rate of 17.4% compared with 11.3% in those who did not have any complication. In the univariate analysis, 5 of the 9 were associated with readmission in a statistically significant manner: wound complication, renal/urologic, vascular/graft-related, cardiac, and respiratory. Of these, wounds complications including the surgical site infections and wound disruptions had the strongest association with readmission. Over 35% of those who had a wound complication during the index hospital stay were subsequently readmitted within 30 days versus 12.8% in individuals who did not have this complication. In addition to wound, 4 other complications also were associated with readmission frequencies exceeding 20%. In the multivariate analysis, wound (OR 2.50) and renal/urologic complications (OR 1.75) remained significant predictors of readmission after adjusting for prolonged LOS, discharge destination, and other factors. When prolonged LOS and discharge destination were removed from the multivariable model of readmission to reduce multicollinearity with the complications, 3 postoperative complications were significant in the multivariate logistic regression: wound complication (OR 3.21), renal/urologic (OR 1.97), and vascular/graft-related (OR 1.55). These results confirmed our hypothesis that serious postoperative complications are an important determinant of readmission.
Another variable that we examined, related to the same theoretical construct of complicated postoperative course, was LOS. Prolonged LOS during the index hospitalization was associated with 30-day readmission in the univariate analysis, and the relationship was remarkably linear (Fig. 1) . It is well known that surgical patients who suffer serious postoperative complications are more likely to have prolonged LOS and be discharged to skilled nursing care rather than home. Of all the variables that we examined, discharge destination was the most powerful predictor of early readmission. After adjusting for potential confounders, the OR of readmission for patients discharged to an SNF was 2.50 compared with those discharged home without nursing care (95% CI: 1.68-3.71). Taken together, our analyses suggest that surgical complications leading to prolonged LOS and discharge destination other than home have a profound influence on the probability of readmission. The fact that discharge destination and LOS appear to be more powerful determinants of readmission than individual complications is interesting. This suggests that not all complications are equivalent in their impact. Our data would suggest that some complications-if recognized and treated-resolve and do not lead to prolonged LOS or discharge to SNF or readmission. Alternatively, other complications have greater consequences, and it is these complications that produce the need for readmission.
Another important finding of this study was the striking association between 30-day readmission and mortality. The in-hospital mortality rate was much higher for rehospitalization compared with the initial index hospital stay (6.5% vs. 2.2%). The in-hospital mortality for patients who were discharged to SNF and subsequently readmitted was extremely high, with 1 in 10 of these patients dying during the rehospitalization. Over a longer term, the unadjusted 1-year mortality in readmitted patients was an astounding 23.4% compared with 4.5% in nonreadmitted patients (P < 0.001). After adjusting for age, gender, comorbidity, and procedure type, the OR of readmission for 1-year mortality was 5.76 (95% CI: 4.09-8.10), indicating a powerful association, which other investigators have also noted for patients undergoing aneurysm repair. 14, 15 The question is whether the readmission is a surrogate for the identification of a cohort of patients who even preoperatively have diminished longevity. Conversely, perhaps events leading up to the readmission alter survival. The latter hypothesis suggests that improved postoperative care and interventions designed to reduce readmissions may have the potential to positively impact longevity in these patients. As this is a retrospective cohort study, it is difficult to determine causal relationships between postoperative events, readmission, and mortality. However, we hypothesize that postoperative complications, which may occur before or after discharge, are important determinants of both early readmission and long-term mortality after AAA repair. The striking association between readmission and mortality suggests that the problem of readmission is much more than economic.
To approach the issue of surgical readmission and to help guide future research, we have developed a conceptual model, shown in Figure 3 . This model builds upon a theoretical framework developed by Kangovi and Grande, which includes health policy, quality of and access to inpatient and outpatient care, and patient health status and socioeconomic resources. 22 To these components, we add the new concept of "complication identification and management failure," which we propose to be fundamentally important in surgical readmissions. There are 3 major paradigms that fall under this rubric. First, a complication develops during the index hospitalization that is not adequately treated, which leads to readmission (eg, a patient is diagnosed with pneumonia but given inappropriate antibiotics). Sec- ond, a complication develops during the index hospitalization that is not recognized and thus not treated, leading to readmission (eg, a patient with fluid overload is sent home without diuresis and is then readmitted for CHF). Third, a de novo complication develops after discharge that leads to readmission (eg, a pulmonary embolism). Approximately 38% of readmitted patients in this study had a diagnosis or procedure code corresponding to an in-hospital complication during the index hospital stay, suggesting that a significant number of readmissions are due to the first paradigm-inadequate treatment of a recognized complication. The data, however, suggest that about 60% of complications that resulted in readmission were either not diagnosed during the index hospital stay or developed after discharge.
In conclusion, we have found that 30-day readmission is common after AAA repair, postoperative events are strong predictors of readmission after adjusting for comorbidity, and readmission is strongly associated with 1-year mortality. We hypothesize that improved coordination of care across the inpatient, transitional care, and outpatient settings, with active surveillance for procedure-specific (EVAR vs. open) postoperative complications, may prevent at least some early readmissions after aneurysm repair. Given the pending financial implications, and the striking association with 1-year mortality, developing interventions that target readmission after surgical procedures such as AAA repair is of paramount importance.
DISCUSSANT
DR. GREGORIO SICARD (St. Louis, MO): As the authors mentioned, Medicare has targeted 30-day readmissions for certain cardio-pulmonary diseases for penalties as of 2014. Penalties for readmissions after vascular procedures is planned to follow shortly thereafter. I have three questions for the authors:
In the analysis of the readmissions I noticed that there was slightly over 10 percent rate of readmission for vascular related complications in the endoluminal repair group. Could you elaborate on the length of stay and re interventions that resulted from the readmissions associated with graft related complications? This seems like a high complication rate and I would presume many of these were limb occlusions which required re interventions.
Similar questions regarding sepsis apply. Sepsis is a serious complication and the readmission for that diagnosis should lead to the need for significant interventions and extended length of stay. Could you tell us the intervention rate and length of stay for patients that were readmitted with the diagnosis of sepsis? Comment or speculation: The three prognostic factors associated with the highest readmission rates were age, wound complications, and discharge to a skilled nursing facility. As someone who has reached Medicare age, I am conscious of the fact that there is nothing that can be done about the age issue. When considering strategies to decrease readmission we should look into wound complications and discharge to skilled nursing facilities. Could you elaborate on the reasons for readmission from patients discharged to skilled nursing facilities and speculate on whether there is some specific strategies that may diminish the need for readmission such as accurate discharge orders and any other factors.
CLOSING DISCUSSANT
DR. DAVID YU GREENBLATT: Your first two questions have to do with the readmission diagnoses, specifically sepsis and graft complications. As you noted, we used ICD-9 diagnosis and procedure codes to define these diagnoses. I think we are all aware of the limitations of trying to use billing or administrative data to study these things. The level of clinical detail is not as high as we would like or could get from a clinical database like the ACS NSQIP. So your question is, what exactly were these graft complications? Were they really serious complications? Clearly, the graft complications aggregated a number of different clinical entities. They certainly were not all endoleaks. We did take a look at associated outcomes such as length of stay and reinterventions, as you suggested. For the graft and AAA-related complications, the rate of reintervention was almost 47% during the readmission, indicating that these were serious complications. As for sepsis, the readmission reintervention rate was 44% and the associated length of stay was almost nine days. Quite a few of these readmissions for sepsis probably did represent legitimate sepsis.
The third point that you made, which is very important, was that discharge to skilled nursing facility was the strongest predictor of readmission. Looking at this subgroup, we found that, on average, those patients readmitted from nursing homes stayed in the hospital for almost eight days. And, more alarmingly, the in-hospital mortality rate for patients readmitted from a skilled nursing facility was 9.8%. So one in ten patients readmitted from a skilled nursing facility died during their readmission. Therefore, as your comments suggest, we clearly need to do a better job in taking care of this high-risk group, and I think there are a number of low-hanging fruit for how we can improve the transitional care of our surgical patients who are discharged to skilled nursing facilities.
DISCUSSANT
DR. JOHN A. MANNICK (Boston, MA): As a historical note, about a decade ago, my colleagues and I reviewed our experience with about 1000 abdominal aortic aneurysms sequentially repaired by open operation at our institution. We found that the readmission rate within 30 days was clearly lower than that reported here. The causes for readmission were also very different. For example readmissions for bowel obstruction, respiratory failure or sepsis were rare or unseen in our experience.
Now ours was a retrospective study of patients prospectively entered into a computerized data base updated after each patient encounter, which tends to counteract any surgical amnesia about 
CLOSING DISCUSSANT
DR. DAVID YU GREENBLATT: Of course, we started the study by reviewing the literature and we are familiar with your group's excellent study. So there were actually many aspects of this new study using Medicare data that did surprise us: One being how common the outcome of readmission was, and two, the remarkably strong association with one-year mortality. That really shocked us. I would say that is the value of doing research with national Medicare data, that you get a pretty clear view of what is the real-world situation across the United States, not just at the most excellent academic centers.
Another relevant point has to do with study design, a single institution versus taking the national view. That is, one of our important findings was the readmission rate to a different hospital, not where the surgery took place, but to some other facility. We found that this rate was 36%, almost double the rate of readmission to nonindex hospitals for the general Medicare population. Therefore, for this particular procedure, when patients do bounce back, they do not always return to the hospital where the operation was performed.
Furthermore, when our surgical patients are readmitted, often we do not even know about it. They end up on the medicine service, and sometimes we do not get a call. So I think studies on surgical readmission have to ensure that all readmissions are captured, not just readmissions to the surgical service at the index hospital.
DISCUSSANT
DR. ED LIVINGSTON (Dallas, TX): For medical disorders, there is a very tight inverse relationship between length of stay and readmission, especially for congestive heart failure. Low lengths of stay are associated with high readmission rates. Conceivably, some patients receive inadequate care while in the hospital resulting in more readmissions. Medicare's penalties for readmissions are intended to motivate physicians to provide better care while in the hospital, theoretically avoiding readmission.
You have a very tight, positive relationship between length of stay and readmission. This is probably driven by complications and not inadequate care.
My question is: You have observed a very different phenomenon in surgical patients than what occurs in medical patients. This has important policy implications. If we take your findings to Medicare and ask them develop different policies for surgeons as opposed to those for internists taking care of congestive heart failure, what should those policies be?
CLOSING DISCUSSANT
DR. DAVID YU GREENBLATT: I think you really hit the nail on the head. All the research to date and the people driving policy at the highest levels are coming at this with a medical model of readmission, and that is a perfect example. Our findings were exactly the opposite. There is a very profound relationship between longer length of stay and readmission risk. Of course, our hypothesis is that longer length of stay is a proxy for complicated postoperative course with specific complications. I think the take-home point is that an effective intervention that will reduce surgical readmissions has to be based on the foundation of an understanding of the root causes and underlying factors that drive surgical readmissions.
DISCUSSANT
DR. CARL HAUSER (Boston, MA): Your most common complications requiring readmission were wound complication and wound complications tend to be minor. Yet all readmissions were associated with an increased risk of death. I wonder if you can drill down in the data and tell us whether the wound complications you saw were directly associated with increased risk for death, or whether these infections are actually markers for systemic disease and therefore predictors of other complications.
CLOSING DISCUSSANT
DR. DAVID YU GREENBLATT: I am not sure, with our data, that we can answer your question regarding wound complications and readmission and mortality with a great deal of certainty. However, I think the value of the analysis of the readmission diagnoses, as well as the specific complications, is to understand what the most common complications associated with readmission. Because, clearly, if the next step is to develop a targeted intervention, that is what we have to be looking for. We have to develop programs where we actively surveil for things like wound complications. That may take the form of a follow-up phone call three days after discharge, or in highrisk older patients with comorbidities perhaps we need to send a nurse practitioner to visit the patient at home. In the model that we are developing, the interventions will be targeted, and they will be stratified based on the predicted probability of readmission.
DISCUSSANT
DR. WILLIAM JORDAN (Birmingham, AL): I congratulate you on the presentation in highlighting the challenges of vascular surgeons, or at least the challenge of treating our population of patients.
My question is related to socioeconomic status: Do you have the information that can tell us about socioeconomic status and how it might impact some of these outcomes. Specifically, perhaps you could look at postal ZIP codes and see if that had a difference in impact on readmission, and even consider the distance from the hospital, where that might direct someone to be readmitted to another hospital.
CLOSING DISCUSSANT
DR. DAVID YU GREENBLATT: That is an excellent point. In the current study, we only looked at one rather crude measure of socioeconomic status, which was Medicaid enrollment or eligibility. But, clearly, using Medicare data, we can do a much more sophisticated analysis by linking, for example, to the HRSA Area Resource File, and trying to understand the local healthcare microenvironment. I think we really need to do that, because there is a dawning awareness that there is only so much that we as surgeons can do within the confines of the hospital. Once we send the patient out into the world, factors like socioeconomic status, home support, and quality of and access to outpatient care, these are crucial factors. Importantly, the
